organic compounds 



Acta Crystallographica Section E 

Structure Reports 
Online 

ISSN 1600-5368 

2,4,5-Tris(pyridin-4-yl)-1H-imidazole 
monohydrate 

Shen-Tang Wang, Guang-Bo Che, Chun-Bo Liu,* Xing 
Wang and Ling Liu 

School of Chemistry and Chemical Engineering, Jiangsu University, Zhenjiang 

212013, People's Republic of China 

Correspondence e-mail: guangbocheujs@yahoo.com.cn 

Received 4 November 2011; accepted 9 December 2011 



Triclinic, PI 
a = 8.1510 (16) A 
b = 9.5210 (19) A 
c = 11.506 (2) A 
a = 103.80 (3)° 
B = 105.64 (3)° 
y = 101.03 (3)° 

Data collection 

Bruker SMART diffractometer 
Absorption correction: multi-scan 
(SADABS; Bruker, 2002) 
= 0.970, r max = 1.000 

Refinement 

R[F 2 > 2a(F 2 )} = 0.058 

wR(F 2 ) = 0.125 

S = 1.02 

2876 reflections 



V = 803.3 (4) A 3 
Z = 2 

Mo Ka radiation 
li = 0.09 mm -1 
T = 293 K 

0.35 x 0.25 x 0.2 mm 



7510 measured reflections 
2912 independent reflections 
1792 reflections with / > 2o(I) 
R iM = 0.040 



218 parameters 

H-atom parameters constrained 
A/£W = 0.19 e A~ 3 
A,o min = -0.17 e A~ 3 



Key indicators: single-crystal X-ray study; T = 293 K; mean ff(C-C) = 0.004 A; 
R factor = 0.058; wR factor = 0.125; data-to-parameter ratio = 13.2. 



In the crystal structure of the title compound, Ci 8 H 13 N5-H 2 0, 
adjacent molecules are linked by O— H- ■ -N and N— H- ■ O 
hydrogen bonds, generating a chain propagating along [001]. 

Related literature 

For the use of 2,4,5-tri(4-pyridyl)imidazole in the construction 
of metal-organic coordination polymers, see: Wang et al. 
(2009); Liang et al. (2009). For related structures, see: Jiang & 
Hou (2011); Li (2011); Li & Xia (2011). For the preparation, 
see: Proskurnina et al. (2002). 



Table 1 

Hydrogen-bond geometry (A, °). 



H,0 /Nx 
HN 




Experimental 

Crystal data 
C 1S H 13 N 5 H 2 0 



D-H-A 


D-H 


H-A 


D -A 


D-H-A 


Ol-HIA-.N? 


0.85 


1.99 


2.843 (3) 


177 


Nl-Hl-Ol 


0.89 


1.85 


2.741 (3) 


176 


01-H1B-N4" 


0.S5 


1.94 


2.787 (3) 


172 


Symmetry codes: (i) — x - 


Y U-y + 2, - 


-Z + 1; (ii) x, y. z 


f 1. 





M r = 317.35 



Data collection: SMART (Bruker, 2002); cell refinement: SAINT 
(Bruker, 2002); data reduction: SAINT; program(s) used to solve 
structure: SHELXS97 (Sheldrick, 2008); program(s) used to refine 
structure: SHELXL97 (Sheldrick, 2008); molecular graphics: 
SHELXTL (Sheldrick, 2008) and DIAMOND (Brandenburg, 1998); 
software used to prepare material for publication: SHELXTL. 

The authors thank Jiangsu University for supporting this 
work. 



Supplementary data and figures for this paper are available from the 
IUCr electronic archives (Reference: ZJ2036). 
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Comment 

In the 2,4,5-tri(4-pyridyl)imidazole three pyridyl groups (pyridyl ring B (C4-C8 and N3), C (C9-C13 and N4), D (C14-C18 
and N5)) are directly connected with the imidazole ring A (C1-C3 , Nl and N2). The dihedral angles between the mean 
planes of pyridyl ring B and imidazole ring A, pyridyl ring C and imidazole ring A, and pyridyl ring D and imidazole ring 
A are 9.1 (7) °, 21.5 (5) °, 45.5 (1) °, respectively. 

We report herein on the crystal structure of the title compound (Fig. 1). In the crystal lattice the molecules are linked by 
O — H—N and N — H—O hydrogen bonds (Jiang et al. 2011; Li et al. 2011; Li 2011) interactions to generate a one-dimen- 
sional double chain structure (Fig. 2). 

Experimental 

The 2,4,5-tri(4-pyridyl)imidazole was prepared by the methord reported in the literature (Proskurnina et al. 2002). A mix- 
ture of 2,4,5-tri(4-pyridyl)imidazole (0.030 g, 0.1 mmol), 2 drops of 1 mol/L HQ and water (10 mL) was placed in a 25 
mL Teflon-lined autoclave and heated for 3 d at 433 K under autogenous pressure. Upon cooling and opening the bomb, 
colourless block-shaped crystals were obtained, then washed with water and dried in air. 

Refinement 

All H atoms on C atoms were positioned geometrically and refined as riding atoms, with (C — H = 0.93 A) and refined as 
riding, with Uj S0 (H)= 1.2 U e q(C). The hydrogen atoms of water molecules were located in a difference Fourier map, and 
were refined with suitable O — H distance restraint; Uj so = 1.5 U eq (0). 

Figures 



Fig. 1. The molecular structure of the title compound with the atom numbering scheme. Dis- 
placement ellipsoids are drawn at the 30% probability level. All H atoms are presented as a 
small spheres of arbitrary radius. 
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Fig. 2. The one-dimensional superamolecular structure linked by the hydrogen bonds. 



2,4,5-Tris(pyridin-4-yl)-1 H-imidazole monohydrate 



Crystal data 

Ci 8 H 13 N 5 H 2 0 
M r = 317.35 
Triclinic, PI 
Hall symbol: -P 1 
a = 8.1510 (16)A 
6 = 9.5210 (19) A 
c= 11.506 (2) A 
a= 103.80 (3)° 
P= 105.64 (3)° 
y= 101.03 (3)° 

V= 803.3 (4) A 3 



-3 



Z = 2 

P(000) = 332 
D x = 1.312 Mgm" 
Mo Ka radiation, X = 0.71073 A 
Cell parameters from 3107 reflections 
6 = 3.0-25.2° 

H = 0.09 mm 1 
7=293 K 
Prism, colourless 
0.35 x 0.25 x 0.2 mm 



Data collection 

Bruker SMART 
diffractometer 

Radiation source: fine-focus sealed tube 

graphite 

co scans 

Absorption correction: multi-scan 
(SADABS; Bruker, 2002) 

r min = 0.970, r max = l.ooo 

7510 measured reflections 



2912 independent reflections 

1792 reflections with / > 2a(7) 
R int = 0.040 

©max — 25.2 , 9 mjn — 3.0 

h = -9^9 

Jt = -ll-»ll 
/ = — 13— ^13 



Refinement 

Refinement on F 
Least-squares matrix: full 

R[F 2 > 2o{F 2 )] = 0.058 

wR(F 2 ) = 0.125 

S= 1.02 

2876 reflections 
218 parameters 
0 restraints 



Primary atom site location: structure-invariant direct 
methods 

Secondary atom site location: difference Fourier map 
Hydrogen site location: inferred from neighbouring 
sites 



H-atom parameters constrained 



w= l/[oVo 2 ) + (0.0171P) 2 - 
where P = (F 0 2 + 2F c 2 )/3 
(A/0) max < 0.001 
Ap ma x = 0.19eA- 3 
Ap mi „ = -0.17eA~ 3 



0.605P] 
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Special details 

Geometry. All esds (except the esd in the dihedral angle between two l.s. planes) are estimated using the full covariance matrix. The 
cell esds are taken into account individually in the estimation of esds in distances, angles and torsion angles; correlations between esds 
in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of cell esds is used 
for estimating esds involving l.s. planes. 

Refinement. Refinement of F against ALL reflections. The weighted R-factor wR and goodness of fit S are based on F , convention- 
al R-factors R are based on F, with F set to zero for negative F 2 . The threshold expression of F 2 > 2sigma(F 2 ) is used only for calculat- 
ing R-factors(gt) etc. and is not relevant to the choice of reflections for refinement. R-factors based on F 2 are statistically about twice 
as large as those based on F, and R- factors based on ALL data will be even larger. 

Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (A 2 ) 
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Atomic displacement parameters (A ) 
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Geometric parameters (A, °) 
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IUj.3 (ZJ 


pn pn nn a 
C 1 Z — C 1 3 — H 1 3 A 


1 in c 
1ZU.J 


XT 1 Z" 1 '! Z" 1 1 /I 

JN 1 — C3 — C14 


1 1A /I Z'1\ 

1ZU.4 (Z) 


pn pi i un a 
CV — C 1 3 — H 1 3 A 


1 in c 
1ZU.J 


Z^l Z" "3 P 1 1 /I 

CZ — C3 — C14 


1 1 A A /1\ 

134.U (Zj 


PI O pi 1 A p|f 

Clo — C14 — CI J 


in i /i\ 
ll /.3 (ZJ 


Z"<C Z^ /] no 

CD — C4 — Co 


1 1 /- Q /1\ 

11 0.3 (Zj 


p| O pi/1 pi 

C 1 o — C 1 4 — C3 


1 ii n /i\ 
1ZZ.U (Z) 


pc r^A ri 
C J — C4 — C 1 


1 T1 O /1\ 

1Z3.0 (Z) 


PK PI/1 PQ 

CI J — C14 — C3 


1 in zi pi\ 
1ZU.0 (Z) 


z^o r^A z" 1 1 
Co — C4 — C 1 


1 1 A A ^1\ 

ny.y (zj 


p|/- p|f pi/| 

Clo — CI J — C14 


no n /i\ 

iio.y (3) 


Z~M / ' C p/T 

C4 — Cj — Co 


1 1 A A S1\ 

11V.4 (3) 


p 1 p|C UI C A 

C 1 0 — C 1 J — H 1 j A 


1 1A C 

1ZU.J 


P/l nr Tjr a 

C4 — C J — H j A 


1 in i 
1ZU.3 


PI | pic U1CA 

C 1 4 — C 1 J — H 1 j A 


1 1A C 

1ZU.J 


p/" nr Tjr * 

Co — Cj — hi J A 


1 in i 
1ZU.3 


XTiT P1 <: pic 

JN j — Clo — CI J 


11/1 c f1\ 

1Z4.J (3) 


XTI P/L PC 

JN3 — Co — Cj 


lZ4.y (3) 


XTC P 1 /: UUA 

JN j — C 1 o — H 1 oA 


in i 
11 /. / 


XTI f^C I I A 

JN3 — Co — Ho A 


11 /.J 


p | r p| / UU A 

C 1 J — C 1 o — H 1 oA 


im 
11 /. / 


Z^C / TT/T A 

CD — Co — Ho A 


in c 
11 /.J 


XTC p 1 -7 p|o 

JN J — CI / — Clo 


n/i i 
1Z4.1 (3) 


xjo pa po 


IZH.O ^J J 


xjc pi 7 N17A 

1NJ v. 1 / 1 1 1 I r\_ 


1 1 7 Q 


N3 — C7 — H7A 


117.7 


C18 — C17 — H17A 


117.9 


C8 — C7 — H7A 


117.7 


C14 — C18 — C17 


119.1 (3) 


C7 — C8 — C4 


119 7 f31 


C14 — C18 — H18A 


120.4 


C7 — C8 — H8A 


120.1 


C17 — C18 — H18A 


120.4 


C4 — C8 — H8A 


120.1 


H1A — Ol — H1B 


100.9 


C2 — JN 2 — C 1 — JN 1 


-0.5 (3) 


JN 2 — C2 — C9 — C 1 0 


11 C //I \ 

21.5 (4) 


C2 — JN 2 — C 1 — C4 


1 /o.o (3) 


C 3 — C2 — C9 — C 1 0 


— lOl.D (3) 


C3 — JN 1 — CI — JN2 


1.3 (3) 


JN 2 — C2 — C9 — C 1 3 


-156.1 (3) 


C3— Nl— CI— C4 


-177.8 (3) 


C3— C2— C9— C13 


20.8 (5) 


CI— N2— C2— C3 


-0.5 (3) 


CI 3— C9— CIO— Cll 


-2.7 (4) 


CI— N2— C2— C9 


176.9 (2) 


C2— C9— CIO— Cll 


179.5 (3) 


CI— Nl— C3— C2 


-1.6(3) 


C12— N4— Cll— CIO 


0.2 (5) 


CI— Nl— C3— C14 


173.1 (2) 


C9— CIO— Cll— N4 


1.6 (5) 
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JN2- 


PT P"> TvT1 

— C2 — C3 — JN 1 


1.3 (3) 


pi i txt /l rn pi*} 
Cll — JN4 — C12 — C13 


-0.8 (5) 


pn 

cy- 


P^ PI Ml 

— C2 — C3 — JN 1 


—1 /D.O (3) 


JN 4 — C 1 2 — C 1 3 — Cy 


-\).D {J) 


JN2- 


po pi p 1 A 
— C2 — C3 — C 1 4 


1 71 "3 /"3\ 
-1 11.5 (3) 


pia pn pi i pn 

c i o — cy — C 1 3 — C 1 2 


2.2 (4) 


cy- 


— C2 — C3 — C 1 4 


1 A £ ^\ 


r^o r^o n i pn 
C2 — cy — C 1 5 — C 1 2 


1 /y.y (3 ) 


JN2- 


p 1 p/i pc 
— C 1 — C4 — C5 


1 *7A n \ 
1 /U.y (3) 


T\T1 PI P 1 A PI o 

JN 1 — C3 — C 1 4 — C 1 0 


/If O /A \ 

4 j. 6 (4) 


JN 1- 


r^i r^/i r^s" 
— C 1 — C4 — CD 


— 1U.Z (4 ) 


r^o r^i 1 a pig 
C2 — C3 — C 1 4 — C 1 0 


1/11 A f1\ 

— 141 .4 (3 J 


JN2- 


p 1 p/i pq 
— C 1 — C4 — Co 


-8.3 (4) 


T\T1 PI P 1 A PI C 

JN 1 — C3 — C14 — CO 


111 1 n\ 

-131.1 (3) 


JN 1- 


r^i r^/i r^Q 
— C 1 — C4 — Co 


1 /U. / (3) 


C2 — C3 — C 1 4 — C 1 J 


A 1 7 

41.7 (5) 


pq 
Co- 


p^i pc p/: 
— C4 C5 — Co 


U.o (4) 


PIO P11 pK P1(C 

Clo — C14 — CI J — Clo 


0.2 (4) 


Cl- 


p^i pc p/; 
— C4 — C5 — Co 


— 1 /o.4 (3) 


pi pu p 1 c p 1 /; 
C3 — C 1 4 — C 1 3 — C 1 0 


1 / /.3 (3) 


P"7 

C7- 


x n p/; pc 
— JN3 — Co — C5 


-2.3 (5) 


P 1 "7 TvTC P1£ P1C 

C17 — JN5 — Clo — CI 5 


0.7 (5) 


C4- 


-C5— C6— N3 


1.1 (5) 


CI 4— CI 5— CI 6— N5 


-0.3 (5) 


C6- 


-N3— C7— C8 


1.7(5) 


CI 6— N5— CI 7— CI 8 


-0.9 (5) 


N3- 


-C7— C8— C4 


0.1 (5) 


C15— C14— C18— C17 


-0.4 (4) 


C5- 


-C4— C8— C7 


-1.3 (4) 


C3— CI 4— CI 8— C17 


-177.4 (3) 


Cl- 


-C4— C8— C7 


177.9 (3) 


N5— C17— C18— C14 


0.8 (5) 



Hydrogen-bond geometry (A, °) 

D—H-A D — H R-A D—A D—H-A 

Ol— H1A-N5 ; 0.85 1.99 2.843 (3) 177. 

Nl— Hl-Ol 0.89 1.85 2.741 (3) 176. 

Ol— H1B-N4" 0.85 1.94 2.787 (3) 172. 
Symmetry codes: (i) -x+1, ->>+2, -z+1; (ii) x,y, z+1. 
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Fig. 2 
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